Background and Purpose-We have previously reported the difference in length of stay and hospital charges for patients with cerebral aneurysms treated with either clipping or coiling at our institution. We now report an analysis of the same comparison at a national level conducted using the Nationwide Inpatient Sample database. hospitalizations for unruptured aneurysm treatments (4700 clipping, 4699 coiling). For ruptured aneurysm patients, after adjusting for the effects of patient-specific and hospital-specific factors, clipping compared to coiling was associated with significantly longer length of stay (PϽ0.0001) and significantly higher total hospital charges (PϽ0.0001). For unruptured aneurysm patients, clipping compared to coiling was associated with significantly longer length of stay (PϽ0.0001) and significantly higher total hospital charges (PϽ0.0001). After adjusting for the effects of hospital-level and patient-level characteristics, clipping as compared to coiling was associated with an average of 1.2-times more days in hospitalization for ruptured patients and was associated with an average of 1.8-times more days in hospitalization for unruptured patients. On average, clipping resulted in $15 325 more in total charge for ruptured patients and resulted in $11 263 more in total charge for unruptured patients after considering all relevant hospital and patient characteristics. Conclusions-The results of this nationwide analysis differed from the findings of our single institution study. Clipping compared to coiling was associated with significantly longer lengths of stay and significantly higher total hospital charges for both ruptured and unruptured aneurysm patients. (Stroke. 2010;41:337-342.)
W e have previously studied the economic cost utilization of clipping vs coiling cerebral aneurysms at our own institution. 1 We found in 565 cerebral aneurysm patients treated either surgically (306 patients) or endovascularly (259 patients) that open surgical clipping was associated with similar lengths of stay and lower total hospital charges in ruptured aneurysm patients compared to endovascular treatment and longer lengths of stay and lower total hospital charges in unruptured aneurysm patients.
Our previous study reflected the findings at a single institution. We now report an analysis of the same question conducted at the national level using the Nationwide Inpatient Sample (NIS) database. Critical analyses of medical cost utilization are necessary in the current health care economic environment. In 2008, national health care spending in the US was $2.4 trillion, and by 2018 it is projected to be $4.4 trillion and to comprise just more than one-fifth of the Gross Domestic Product. 2 The way in which health care dollars are being spent is being critically examined and is a key element in comparative effectiveness research.
Materials and Methods
We obtained the NIS database from the Agency for Healthcare Quality and Research's Healthcare Cost and Utilization Project (Rockville, Md). The NIS is the largest all-payer hospital inpatient database in the US and contains data approximating a 20% stratified sample of US hospitals. For each sampled hospital, all inpatient admissions for the year are contained in the NIS, so annual case volumes for hospitals can be calculated. The NIS includes data for Ϸ8 million hospital admissions each year, which is approximately one-fifth of all inpatient admissions to US nonfederal hospitals. For more information regarding the NIS database, please see http://www.hcup-us.ahrq.gov/nisoverview.jsp.
Hospitalizations for clipping or coiling of ruptured and unruptured cerebral aneurysms from 2002 to 2006 were collected from the NIS by cross-matching International Classification of Diseases (ICD)-9 codes for diagnoses of subarachnoid hemorrhage (430) 3 and used in published studies. 4 -8 In addition, the ICD-9 procedure codes were used for identifying temporary tracheostomy (31.1), permanent tracheostomy (31.2 or 31.29), and ventriculostomy (02.2).
Ruptured aneurysm (430) and unruptured aneurysm (437.3) adult patients (age older than 18 years) were studied separately because of the highly disparate nature of these 2 distinct conditions. Clipping vs coiling of cerebral aneurysms were compared for 2 primary end points, length of hospital stay and total hospital charges, both of which are coded in the NIS database. The analysis was adjusted for the following patient-specific factors that are coded in the NIS database: gender, age, race, admission source (emergency room, transfer from another hospital, transfer from long-term care, routine), admission type (emergency, urgent, elective, trauma center), the use of permanent tracheostomy, median income level in patient's postal code (Ͻ$36 000, $36 000 -$44 999, Ն$45 000), payer (Medicare, Medicaid, private insurance, self-pay, no charge, other), and comorbidities (alcohol abuse, anemia, congestive heart failure, chronic pulmonary disease, coagulopathy, depression, diabetes with or without chronic complications, drug abuse, hypertension, liver disease, fluid and electrolyte disorders, metastatic cancer, other neurological disorders, obesity, peripheral vascular disorders, pulmonary circulation disorders, renal failure, solid tumor without metastasis, peptic ulcer disease excluding bleeding, valvular disease). The models also accounted for hospital-level factors: hospital region (Northeast, Midwest, South, West), hospital location (rural, urban), teaching status, bed size (small, medium, large), and hospital annual case volume of cerebral aneurysm treatments. Patients with both clipping (39.51) and coiling (39.79, 39.72, or 39.52) procedure codes were excluded in the analysis. Hospital annual case volume of cerebral aneurysm treatments was determined by the ranking of total aneurysm treatments (ie, clipping and coiling, ruptured and unruptured) across all sampled hospitals. For each year from 2002 to 2006, each individual hospital's case volume of cerebral aneurysm treatments was defined as high if the number of total aneurysm treatments equaled or exceeded the third quartile of aneurysm treatments across all sampled hospitals and was defined as low if otherwise.
To simultaneously account for hospital-level and patient-level variation in length of stay and total charges, linear mixed models were used to compare and make inferences about the differences between charges for clipping and coiling procedures. In hierarchical models such as the ones we used, it is possible to detect separate effects at the individual hospital level (ie, that certain hospitals provide expensive or inexpensive care across all patients treated) and at the level of specific procedures across different hospitals. The models allowed a hierarchical analysis by assuming a common hospital-specific intercept after adjusting for patient-specific characteristics. The common intercepts varied across hospitals to model systematic hospital-level variation that might, in some cases, be sufficiently large to overwhelm the charge or length of stay differences between procedures. Furthermore, the intercepts were assumed to be functions of the 5 hospital-level factors: hospital region, hospital location, teaching status, bed size, and hospital volume of cerebral aneurysm treatments. A type I error rate of 0.05 was used to determine statistical significance; for significant factors that have Ͼ2 levels, Scheffe correction was applied for pair-wise step-down comparisons. Because in-hospital deaths can artificially shorten the mean length of hospitalization, we also conducted the length of hospitalization analysis after excluding all patients who died before hospital discharge.
In comparing total hospital charges across the 5 years from 2002 to 2006, we assumed a 3% annual inflation rate for each year and used the adjusted charges in the linear mixed models to evaluate differences between procedures. To meet the distributional requirements of a linear mixed model, we used the logarithm of length of hospital stay and the square root of total inflation-adjusted charges as targeted outcomes in analyses. For patients who stayed in the hospital for Ͻ1 day, a 1-day stay was assumed. Table 1 . Descriptive statistics for the length of hospital stay and total hospital charges for ruptured and unruptured aneurysm hospitalizations are shown in Table 2 . We note that the average length of hospitalization was higher for clipping than for coiling regardless of whether the hospitalization was for treatment of a ruptured or an unruptured aneurysm. The crude average of total hospital charges was higher with coiling than with clipping for patients with ruptured aneurysm, but it was higher with clipping than with coiling for patients with unruptured aneurysm. These comparisons are unadjusted, however, for hospital-specific and patient-specific factors, and they may not be inferential given the potential substructures of clipping and coiling populations, which can be introduced by hospital and patient characteristics.
Results

Comparison of Clipping vs Coiling
To make valid inferences about the association between treatment procedures and targeted outcomes (length of hospital stay and total hospital charges), we used linear mixed models to account for both hospital-level and patient-level variation. Ruptured aneurysm patients and unruptured aneurysm patients were studied separately. After removing missing data, 4979 ruptured aneurysm hospitalizations (from 314 hospitals) and 5107 unruptured aneurysm hospitalizations (from 274 hospitals) were analyzed for modeling the length of stay, and 4966 ruptured aneurysm hospitalizations (from 314 hospitals) and 5103 unruptured aneurysm hospitaliza-tions (from 274 hospitals) were analyzed for modeling the total charges. The missing data were largely attributable to missing racial and admission type information. For patients with fully observed data and therefore being considered in the advanced modeling, the median length of stay was 9 days and the median total charge was $77 604. In contrast, for patients with missing data and therefore being excluded in the modeling, the median length of stay was 9 days and the median total charge was $93 508.
For ruptured aneurysm patients, after adjusting for patientspecific and hospital-specific factors, clipping compared to coiling was associated with significantly longer lengths of hospitalization (PϽ0.0001) and significantly higher total hospital charges (Pϭ0.0002). The same conclusion was drawn for the unruptured aneurysm hospitalizations. For unruptured aneurysm patients, after adjusting for patientspecific and hospital-specific factors, clipping compared to coiling was associated with significantly longer length of stay (PϽ0.0001) and significantly higher total hospital charges (PϽ0.0001).
After adjusting for the effects of hospital-level and patientlevel characteristics, clipping as compared to coiling was associated with an average of 1.2-times more days in hospitalization for ruptured patients and was associated with an average of 1.8-times more days in hospitalization for unruptured patients. On average, clipping resulted in $15 325 more in total charge for ruptured patients and resulted in $11 263 more in total charge for unruptured patients after considering all relevant hospital and patient characteristics.
Ruptured Aneurysm Patients
For ruptured aneurysm patients, using linear mixed models, factors significantly associated with length of hospitalization are depicted in Table 3 . Factors significantly associated with length of hospitalization after excluding in-hospital deaths are shown in Supplemental Table I , available online at http://stroke.ahajournals.org. Factors significantly associated with total hospital charges are shown in Table 4 .
Unruptured Aneurysm Patients
For unruptured aneurysm patients, using linear mixed models, factors significantly associated with length of hospitalization are listed in Table 5 . Factors significantly associated with length of hospitalization after excluding in-hospital deaths are shown in Supplemental Table II, available online at http://stroke.ahajournals.org. Factors significantly associated with total hospital charges are shown in Table 6 .
Discussion
The analysis of economic cost utilization of medical procedures is increasingly important in the current health care environment and is critical to comparative effectiveness research. There have been relatively few studies comparing the economic costs of clipping vs coiling of intracranial aneurysms. 1,9 -13 These have been reviewed and summarized previously. 1 A recent study calculated US cost estimates for disability, hospitalization, retreatment, and rebleeding, and included these in the total costs for patients treated with clipping vs coiling in the International Subarachnoid Aneurysm Trial (it should be noted that the majority of the patients were not treated in the US); it was found that although coiling was associated with better outcomes, it was also associated with higher total costs than clipping. 14 We previously reported our analysis of the effects of clipping vs coiling of ruptured and unruptured aneurysms on length of hospitalization and hospital costs at our own single institution. 1 Of 565 cerebral aneurysm patients, 306 patients 
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were treated with clipping and 259 patients were treated with coiling. In the unruptured aneurysm patients (367 patients), clipping compared to coiling was associated with longer hospital stay but lower hospital costs. In the ruptured aneurysm patients (198 patients), clipping compared to coiling was associated with similar length of hospital stay and lower hospital costs. Our single center findings in the ruptured aneurysm patients differed from previous studies in which clipping compared to coiling was associated with longer hospital stay 9, 11, 13 (1 study corroborated our finding that clipping and coiling had similar lengths of hospital stay 12 ) and higher 9 or similar hospital costs. [11] [12] [13] One additional study analyzed unruptured aneurysm patients and found results similar to the unruptured aneurysm patients in our single center study, ie, clipping was associated with longer length of hospitalization but lower hospital costs. 10 The difference between the findings of our previous single center study and some of the other previous studies in the literature, all of which were conducted outside the US, raised the question of whether our single center findings could be generalized to other US centers. We therefore performed an analysis of the same question at the national level using the NIS database. Our findings at the national level using the NIS demonstrate that in ruptured aneurysm patients, clipping compared to coiling was associated with significantly longer length of stay (PϽ0.0001) and significantly higher total hospital charges (PϽ0.0001). The crude average total hospital charges for ruptured aneurysm patients appear to be lower with clipping if not the same as with coiling, as seen in Table 2 ; however, when linear mixed models are performed to adjust for patient-specific and hospital-specific factors, the total hospital charges are significantly lower with coiling than clipping. For unruptured aneurysm patients, clipping compared to coiling was associated with significantly longer length of stay (PϽ0.0001) and significantly higher total hospital charges (PϽ0.0001). A number of other factors were associated with length of hospitalization and total hospital charges (Tables 5  and 6, and Supplemental Table II) , highlighting the complex nature of this disease, treatment modalities, and the complexities involved in analysis of economic cost utilization.
Clipping as compared to coiling, after the adjustment for all-related factors, was associated with an average of 1.2-times more days in hospitalization for ruptured patients and was associated with an average of 1.8-times more days in hospitalization for unruptured patients. On average, clipping resulted in $15 325 more in total charge for ruptured patients and resulted in $11 263 more in total charge for unruptured patients after considering all relevant hospital and patient characteristics.
It is interesting that higher hospital volume of ruptured admissions was associated with longer length of stay and higher total charges. This may reflect that more complex patients are transferred to higher-volume centers, or that higher-volume centers are less efficient. There was no association with volume of unruptured admissions with length of stay and total charges, however, which argues against the explanation that higher-volume centers are less efficient.
There are several limitations to our analysis. This current analysis only studied the index hospitalization. Patients treated with coiling probably have a higher incidence of aneurysm recurrence than clipped patients, thus necessitating follow-up imaging, whether invasive or noninvasive, and potentially further aneurysm treatment procedures. The present analysis does not include the charges associated with subsequent imaging, aneurysm treatments, and hospitalizations. Additionally, this analysis does not account for charges associated with rehabilitation stay or long-term nursing care, for which significant costs are incurred. Data on length of stay and total charges at rehabilitation hospitals or long-term nursing care facilities are not included in the NIS but are certainly sources of significant costs to the health care system. More study is warranted.
Another limitation of our study is the lack of a single ICD-9 code specific for coiling of cerebral aneurysm during some of the study period. The ICD-9 codes we used were 39.79 (other endovascular repair [of aneurysm] of other vessels [coil embolization or occlusion]), 39.72 (endovascular repair or occlusion of head and neck vessels [coil embolization of occlusion]), and 39.52 (other repair of aneurysm). These codes have previously been validated 3 and used in previous published studies. 4 -8 The inaccuracies of coding for surgical and endovascular treatment of cerebral aneurysms have recently been reported in a study that compared the state of Maryland administrative database (the Maryland Health Service Cost Review Commission administrative database) with a single-institution departmental clinical database. This study found that the state of Maryland database (ie, the data reported by coders at a single Maryland hospital) had a low sensitivity and positive predictive value for coding endovascular treatment for aneurysms at that hospital. 15 Our study may differ from the Maryland study because our study utilizes a different database and, perhaps more significantly, a different time span. The Maryland study spanned a 17-year period beginning in 1991, whereas our study is limited to a more recent era [2002] [2003] [2004] [2005] [2006] . This may be an important distinction, because the ICD-9 procedure codes 39.72 and 39.79 were not introduced for endovascular cerebral aneurysm treatment until October 2002. It is reassuring that our findings are consistent with other studies. 9, [11] [12] [13] Three studies obtained their data from the International Subarachnoid Aneurysm Trial, 9, 11, 13 and 1 obtained data from a departmental database. 12 Nevertheless, the inaccuracies of coding are a limitation of any study that uses a large administrative clinical database such as the NIS. If the sensitivity for coding endovascular procedures were low in the NIS during the study period and uncoded procedures were systematically much more expensive than coded procedures, then our results could have been biased. However, it might be expected that especially expensive hospital admissions would be coded with special care for accuracy, because administrative databases originate in data that hospitals use to bill payers for care. A final limitation of this study is the retrospective nonrandomized nature of the data. Patients were not randomized to clipping vs coiling; therefore, there is significant potential for selection bias and other uncontrolled factors that could significantly influence length of hospitalization and total hospital charges. We attempted to address this by performing a linear mixed-model multivariate analysis that adjusted for several patient-specific and hospital-specific factors.
Summary
The results of this nationwide analysis differed from the findings of our single-institution study. Clipping compared to coiling was associated with significantly longer lengths of stay and significantly higher total hospital charges for both ruptured and unruptured aneurysm patients in the US from 2002 to 2006.
